Bacteria as a source of antibiotic materials have been the object of intensive study. Some of the bacteria more recently investigated for antibiotic properties have been Chromobacterium violaceum by Lichstein and Van de Sand (1945) and the Bacillus subtilis group by various workers, among whom may be mentioned Salle and Jann (1945) , Johnson, Anker, and Meleney (1945) , Olivier, De Saint Rat, and Corvasier (1945) , and Olivier (1946) . Waksman (1941) and Waksman and Woodruff (1942) reviewed the earlier work in which bacteria were used as the source of antibiotic substances. Since most of the antagonistic bacteria thus far investigated are rod forms common to soil, air, and water, it was felt that the reactions of pathogenic gram-positive cocci would be interesting. Accordingly, investigations of the effects of extracts of Staphylococcus aureus organisms and of the media in which they were grown were made and the results reported in a previous paper (Nutini, Kelly, and McDowell, 1946) . On the basis of earlier work with protein-free extracts of animal tissues (Nutini and Kreke, 1942; Nutini and Lynch, 1945; Nutini, Kreke, and Schroeder, 1945; Nutini, Thomas, and Smolar, 1945) , the extracts of the organism were prepared in the same manner. In conjunction with this study, the effects of ultraviolet irradiation on the organisms and their media were observed. The present work is a continuation of this study using Streptococcus pyogenes as a source of material. The preparations consisted of (1) a protein-free alcohol extract of Streptococcus pyogenes cells; (2) a protein-free alcohol extract of the medium in which ultraviolet-irradiated and nonirradiated cultures of Streptococcus pyogenes were grown, and (3) an untreated sterile filtrate of the media from irradiated and nonirradiated cultures of Streptococcus pyogenes.
METHODS
The culture of Streptococcus pyogenes no. 6636 was secured from the American Type Culture Collection.
Cell extract. The cell extract was prepared as described in a previous paper (Nutini, Kelly, and McDowell, 1946) except that Difco brain-heart infusion made up with 1.5 per cent agar was used instead of nutrient agar as the medium in the Roux flasks. The inocula were from 24-hour cultures of Streptococcus pyogenes in brain-heart infusion broth.
Extracts and filtrates of medium from nonirradiated cultures. With the excep-NUTINI, KELLY, AND MCDOWELL culture medium, the extracts and filtrates from nonirradiated cultures were prepared in essentially the same manner as that described by Nutini, Kelly, and McDowell (1946) .
Extracts and filtrates from irradiated cultures. In this part of the work the method described in the previous paper was modified somewhat. Approximately 50 ml of brain-heart infusion broth freshly inoculated with a culture of Streptococcus pyogenes was poured aseptically into sterile special glass tubes (Coming 9741, grade 3) and incubated at 37 C for 48 hours at a distance of about 45 cm from a Sperti "mercolite" lamp. The ultraviolet irradiation was from above and the tubes were rotated from time to time. At the end of 48 hours extracts and filtrates were prepared as described in the previous paper. The broth in the tubes was turbid, but the growth was not so heavy as that in nonirradiated tubes.
Measurement of activity. Bacterial growth of the test organisms was measured in terms of increase or decrease in the number of colonies by the pour plate method exactly as described for the work with Staphylococcus aureus with the following exceptions: Five-tenths ml of the test organisms were used instead of 0.1 ml. Streptococcu pyogenes was used in dilutions of 1:10 or 1:100, rather than 1: 10,000, and was streaked uniformly over the surface of prepared brainheart agar plates. The organisms used to test the effect of extracts of the Streptococcus pyogenes cells were Staphylococcus aureus, Escherichia coli, Aerobacter aerogenes, Shigella dysenteriae, Streptococcus pyogenes, Corynebacterium diphtheriae, Eberthella typhosa, Salmonella enteritidis, Salmonella paratyphi, Bacillus subtilis, and Diplococcus pneumoniae, type I. Only the first 5 were used for the extracts and filtrates of the media. Control plates containing the test organisms and agar (nutrient or brain-heart, depending on the organism tested) or agar and sterile brain-heart infusion broth were included in the series. All tests were made in triplicate.
The percentage of inhibition or stimulation of growth of the test organisms was calculated with the control plates serving as the 100 per cent point of reference. Results lying in the range of 25 per cent stimulation or inhibition were listed as representing no effect in order to be certain that the results were beyond the limits of experimental error.
Diplococcus pneumoniae was the only test organism to be effectively inhibited by the Streptococcus pyogenes cell extract, and because of this biochemical tests including the fermentation of lactose, sucrose, and glucose, the coagulation of litmus milk, the liquefaction of gelatin, and bile solubility were made in triplicate and limited to this organism.
RESULTS
The various reactions of the 11 test organisms to extracts of cells of Streptococcus pyogenes, and to extracts and filtrates of the media in which they were grown, are given in tables 1 and 2. Growth varied with the species of the organism tested, with the extract or filtrate used, and in many cases with the concentration of the testing material. There was no consistent difference in Broth extracts. The extracts of broth media both from irradiated and nonirradiated Streptococcus pyogenes produced predominantly inhibitory effects on the groNvth of test organisms with the exception of that of Streptococcus pyogenes, Staphylococcus aureus, and Shigella dysenteriae.
Filtrates. Either inhibitory or stimulatory effects were produced by the filtrates of the broth medium from irradiated and nonirradiated cultures of Strepto- Biochemical changes. In concentrations of 5 per cent the cellular extract of Streptococcu-s pyogenes inhibited the fermentation of sucrose, lactose, and glucose by Diplococcus pneumoniae, type I. The coagulase system as determined by the coagulation of litmus milk was affected in all but the 5 per cent concentration of the cellular extract when Diplococcus pneumoniae was used as the test organism.
DISCUSSION
Although emphasis has been placed upon the inhibitory effect of many bacteria on the growth processes of other bacteria, the literature as well as the experiments here presented give ample evidence of both stimulatory and inhibitory effects produced by the extracts of the same bacteria and of the media in which they were grown. Green (1940) attributed the stimulatory effects from Brucella abortus extracts to a substance which he called the "P" or proliferation factor.
In the present study the reaction of Streptococcus pyogenes to the various extracts of Streptococcus pyogenes cells and extracts and filtrates of the media in which they were grown was more constant than was the case with other test organisms. There are many reports of investigations on the effect of extracts of streptococcal cells on streptococci (Lewandowski, 1944; Flemi'ng, 1940; Blundell, 1942; Meyer, Hobby, Chaffee, and Dawson, 1940) , but studies of the action of this organism and its products on organisms other than the streptococci are few. Le Chuiton, Bideau, PennaneAc'h, and Mollaret (1938) found that one strain of streptococci was inhibitory to the growth of Corynebacterium diphtheriae whereas the results here presented show a decided stimiulation of Corynebacterium diphtheriae by the cellular extract. This difference may well be due to difference in the streptococcal preparation and in the strains of organisms used.
The probable mechanisms involved have been discussed elsewhere (Waksman, 1944) , and it is felt that further investigations are necessary before definite statements can be made regarding the mode of action of these extracts and filtrates.
SUMMARY
Protein-free alcoholic extracts and untreated filtrates of the media in which Streptococcus pyogenes was grown were prepared and tested for effects on the growth of Staphylococcus aureus, Escherichia coli, Shigella dysenteriae, Aerobacter aerogenes, and Streptococcus pyogenes.
The alcoholic extracts of Streptococcus pyogenes cells in various concentrations were tested for effect on the growth of the foregoing bacteria as well as on Diplococcus pneumoniae, Salmonella paratyphi, Salmonella enteritidis, Eberthella typhosa, Bacillus subtilis, and Corynebacterium diphtheriae.
In general, the growth of gram-negative organisms, except Eberthella typhosa, was inhibited by the alcoholic cellular extract, and all of the gram-positive bacteria with the exception of Diplococcus pneumoniae, type I, were stimulated by this extract.
The extracts and filtrates of the media in which Streptococcus pyogenes was grown produced predominantly inhibitory effects. Streptococcus pyogenes, however, was stimulated greatly by all the preparations except the extract of the broth media of the 48-hour ultraviolet-irradiated culture of Streptococcus pyogenes, which produced an inhibition of growth at the lowest and highest concentrations.
